Abstract: Several reports have suggested that the high prevalence of epilepsy in sub-Saharan Africa is associated with the high prevalence of parasitic infections affecting the central nervous system. Though epidemiological evidence suggests an association between parasitic infections and epilepsy, the biological causal relationship has not been fully demonstrated for many of these infections. The objective of this paper is to review the available epidemiological evidence on the links between parasitic infections and epilepsy, the pathogenesis and the current gap of knowledge indicating the areas requiring further research. Data for this review were identified and collected using manual and electronic search strategies of published and unpublished sources. In Sub-Saharan Africa, the epidemiology of epilepsy remains unclear and given the differing study designs, the results of available epidemiological studies are difficult to interpret and compare. Evidence from surveys reported a median prevalence of 1.5%. Co-infection of parasitic infections and epilepsy in sub-Saharan Africa are common, particularly in areas characterized by poor hygiene standards. There is an epidemiological link on the association between epilepsy and various parasitic infections. However, the biological causal relationship requires further investigation in adequately designed studies. In conclusion, although several epidemiological and case control studies indicate a relationship between parasitic agents and epilepsy in sub-Saharan Africa, there is a considerable gap of knowledge on the cause and magnitude of the association. Thus, there is an urgent need for systematic epidemiological studies to understand the burden of epilepsy in areas endemic due to preventable parasitic infections, to prove a causal relationship, and to understand the impact of controlling these parasitic diseases on reduction of the burden of epilepsy.
Introduction
Epilepsy is a neurological disorder characterized by recurrent unprovoked epileptic seizures due to unknown or immediate known aetiology (Hauser & Kurland., 1975; Fisher et al., 2005) . Two types of epilepsy are known: the primary or idiopathic epilepsy with its aetiology mainly unknown, and the secondary or symptomatic epilepsy which originates from cerebral lesions that may, be traumatic, hypoxic or infectious in origin amongst others (Hauser & Kurland., 1975; Fisher et al., 2005) . Epilepsy is responsible for high levels of suffering, affecting more than 50 million people worldwide (WHO, 2001a,b; Forsgren et al., 2005; Forsgren, 2008) , with 40 million living in tropical areas, where the disease affects all age groups (WHO, 2001a,b) . Another estimate by WHO indicates that 8.5 per 1000 persons worldwide have epilepsy (Forsgren et al., 2005; Forsgren, 2008) and that the prevalence of the disease is not evenly distributed, with considerably higher prevalence in resource-poor than resource-rich countries (CTILAE, 1994; Stommel et al., 2001; Burneo et al., 2005; Preux & DruetCabanac, 2005; Wagner & Newton., 2009) .
In high income countries, traumatic head/brain injuries and stroke are the main causes of epilepsy (Epilepsy and Driving in Europe., 2005; Forsgren et al., 2005; Garcia-Martin et al., 2012; Rai et al., 2012) whereas in low and middle income countries, central nervous system infections due to viral, bacterial and parasitic infections seem to contribute to the high prevalence of epilepsy (WHO, 2001a; Forsgren, 2008) . The Commission on Tropical Diseases of the International League Against Epilepsy has identified several tropical diseases as possible aetiological agents of epilepsy (WHO, 2001a) , with parasitic infections as a major cause (WHO, 2001a) . In the tropics, especially in sub-Saharan Africa, there is high endemicity for several parasitic infections, which at some stage of their pathogenesis may invade the central nervous system (CNS) and cause neurological conditions such as epilepsy (Stommel et al., 2001) . Parasites may cause epileptic seizures or long-term epilepsy by producing either diffuse encephalitis or localised lesions (De Bittencourt et al., 1988; Adamolekun., 1995; Neto & De Bittencout, 1996; De Bittencout et al., 1996) .
In the present review, we give an epidemiological overview of common parasitic infections associated with epileptic seizures and epilepsy, their geographic distribution and the possible mechanisms through which these parasitic infections can cause seizures and epilepsy.
Methodology
Data for this review were identified and collected using manual and electronic search strategies of published and unpublished sources. Electronic databases included PubMed, EMBASE, WHO and Global Health. References of relevant articles were also screened. To identify relevant studies on epilepsy and various parasitic infections, various combinations of the following terms were used: "central nervous system infections", "parasitic infections", "helminth infections", "protozoan infections", "neurocysticercosis", "toxocariasis", "onchorcerciasis", "schistosomiasis", "paragonimus", "epilepsy", "unprovoked seizure" etc. In a specific search, for example in the case of infections like schistosomiasis, an advanced search in PubMed was employed.
Epidemiology of epilepsy and parasitic infections in sub-Saharan Africa
In Sub-Saharan Africa, the epidemiology of epilepsy remains unclear and given the differing study designs, the results of available epidemiological studies are difficult to interpret and compare (Sander & Shorvon, 1987) . Several studies of epilepsy prevalence have been conducted in subSaharan Africa and the prevalence estimates from these studies vary widely between and within countries (Preux & Druet-Cabanac, 2005) . Evidence from door-to-door surveys reported a median prevalence of 1.5% (Preux & Druet-Cabanac, 2005) . In West Africa, specifically in Benin, the prevalence of epilepsy in rural villages was estimated to be 1.6% (Hook & Regal, 1995) and a door to door survey in the same country have reported that crude prevalence of epilepsy in the 15 years and older individuals in Benin to be 8.05 per 1000 while the crude prevalence of epilepsy among men was 9.77 per 1000 and 6.79 per 1000 for women (Yamadje et al., 2012) . The recent report from Benin indicates that, the prevalence of epilepsy is 10.5 per 1000 (Houinato et al., 2013) . In rural Burkina Faso, the prevalence of epilepsy was estimated to be 4.5% (Nitiema et al., 2012) . In Ulanga district in rural eastern Tanzania, the prevalence of epilepsy was 10.2 per 1000 (range=5.1-37.1 per 1000) individuals and varied between villages (Rwiza et al., 1992) . In northern Tanzania, the prevalence rate of epilepsy was reported to be 11.2 per 1000 and the age-adjusted prevalence rate was 13.2 per 1000 . The prevalence of active epilepsy was 8.7 per 1000 and there was a preponderance of women . In the southern part of Tanzania, the prevalence of active epilepsy was reported to be 8.6 per 1000 (Dent et al., 2005) .
In general, the prevalence of epilepsy in Africa is estimated to range between 0.05% and 7.4% (Preux & Druet-Cabanac., 2005) , depending on the type of study and methodology used, amongst others. There are regional differences on prevalence of epilepsy, between countries and regions within a country. For instance, in rural southern, eastern and northern Tanzania, the population based surveys have reported a variation in prevalence ranging from 8.6 to 11.2 per 1000 (Rwiza et al., 1992; Dent et al., 2005; . Similarly, two studies in Nigeria observed a variation of epilepsy prevalence in the same ethnic community (Adeuja et al., 1982; Longe & Osuntokun., 1989) . The variation in prevalence could in part be explained by genetic influences, variation in sanitary conditions, parasitic infections, prevention of birth, area of residential between rural and urban, diagnosis difficulties and head injuries among others (Nkwi & Ndonko., 1989; Preux & Druet-Cabanac, 2005) .
Studies on the incidence of epilepsy in rural areas of Africa have reported an annual incidence rate of 63-158 new cases per 100,000 population, approximately four times higher than what has been reported from high income countries in non-tropical areas (Preux & Druet-Cabanac, 2005) . Incidence in Uganda is higher than that reported in Ethiopia (215 new cases per 100,000 population versus 64 new cases per 100,000 populations versus) Tekle-Haimanot, 1997; Kaiser et al., 1998; .
The risk factors for epilepsy in sub-Saharan Africa vary widely and seem to depend on the level of demographic and socio-economic status (Senanayake & Roman, 1993; Preux & DruetCabanac, 2005) . Most of the studies appear to underestimate the prevalence due to the lack of clinical tests and most of the causal information is derived from the patient's history (Adamolekun, 1995; WHO, 2001a) . The identified risk factors include parasitic, viral and bacterial infections of the central nervous system, perinatal complications, head injuries, brain tumours, cerebrovascular diseases and residential area (rural versus urban areas) (Adeloye, 1976; Senanayake & Roman, 1993; CTDILAE, 1994; Ogunniyi et al., 1994; Adamolekun, 1995; De Bittencourt et al., 1998; Preux & DruetCabanac, 2005; Wagner & Newton, 2009 ). In addition, a family history of epilepsy seems to enhance the risk of epilepsy (Bitterncoourt et al., 1999) . For epilepsy resulting from parasitic infections, the interaction between parasitic agents, social economic status, genetics and environmental factors determines the magnitude of developing epilepsy (Johnson & Sander, 2001 ). In general, in subSaharan Africa, the aetiology of epilepsy is multifactorial and may include different agents such as helminths and protozoans.
Helminths infections either due to nematodes, trematodes or cestodes, are highly endemic in sub-Saharan Africa (Hotez et al., 2008; Hotez & Kamath, 2009) . Worldwide, estimates indicate that 2.2 billion individuals are infected with at least one species of helminths (Hotez & Kamath, 2009 ). In sub-Saharan Africa, an estimated 813 million people are infected with helminths (Hotez & Kamath, 2009) . Most people infected remain asymptomatic. In symptomatic individuals, helminth infections are associated with blood loss, anaemia, poor growth and reduced cognitive functions (Hotez et al., 2008) . In chronic stages, helminth infections are associated with severe morbidities such as cancer of the urinary bladder, urogenital complications, and liver fibrosis (Hotez et al., 2008; Andrade, 2009) . A number of helminth species can infect the central nervous system (Walker & Zunt, 2005; Garzia & Modi, 2008; Wagner & Newton, 2009 ) and cause epileptic seizures, but only a few are associated with epilepsy (Walker & Zunt, 2005; Garzia & Modi, 2008; Wagner & Newton, 2009) . Table 1 shows helminth species endemic in sub-Saharan Africa, which may infect the brain and cause epileptic seizures or epilepsy (Walker & Zunt, 2005; Garzia & Modi, 2008; Wagner & Newton, 2009 Plasmodium falciparum malaria is still widely distributed and highly endemic in the region (WHO, 2011 ). An estimated 3.3 billion people were at risk of malaria in 2010, although of all geographical regions, populations living in sub-Saharan Africa have the highest risk of acquiring malaria; in 2010, 81% of cases and 91% of deaths were estimated to have occurred in sub-Saharan Africa, with children under five years of age and pregnant women being most severely affected (WHO, 2011) The epidemiology of amoebiasis and toxoplasmosis in sub-Saharan Africa is poorly understood (Stauffer, 2005) . Blood and intestinal protozoan parasites such as P. falciparum, Toxoplasma gondii and Amoeba species (Entamoeba histolytica) are highly endemic in sub-Saharan Africa (Okeke et al., 2003) . Based on the similarities on the level of environmental hygiene in African communities and evidence from Seroprevalence studies, it appears that amoebiasis is widely distributed and in some countries may be associated with liver morbidities (Okeke et al., 2003) .
Tropical parasitic infections associated with epilepsy in sub-Saharan Africa
Information on other environmental amoeba species such as Naegleria fowlerii and Acanthamoeba is very limited in sub-Saharan Africa. Similarly, most of the seroprevalence studies on toxoplasmosis in the area have been undertaken among special groups such as pregnant women, children and HIV/AIDS patients (Onadeko et al., 1992; Falusi et al., 2002; Alnahas et al., 2003; Uneke et al., 2005; Amogne et al., 2006; Swai & Schoonman, 2009 ). Available evidence indicates that blood and intestinal protozoan parasites are associated with epilepsy and will be discussed hereafter. Table 2 shows some protozoan parasites which can infect the brain and cause seizures or epilepsy. Transmission of infection to humans occurs through ingestion of the larval stage in undercooked pork for human being, and pigs are infected through scavenging of human excreta on the environment (Carpio, 2002) . In addition, human beings are infected through internal and external autoinfection (Faust et al., 1979; Pawloski et al., 2002; Carpio., 2002) . Also, there is heteroinfection in which the T. solium eggs may be ingested in contaminated food or drinking water (Carpio, 2002) . The eggs are digested in the stomach and the larval stages, oncosphere are released and penetrate the intestinal muscles and reach the various body tissues and the brain via blood . Taenia solium and taeniasis are highly endemic in sub-Saharan Africa and commonly seen in areas were pork is consumed (Pawloski et al., 2002; Carpio, 2002; Winkler, 2012) . The disease is mainly associated with poor socioeconomic status and socio-cultural factors (Gemmell & Johnstone, 1976; Carpio et al., 2002; Pawloski et al., 2002) . Poor hygiene and living conditions and a free range system of keeping pigs which allows them to scavenge on human faeces increase the risk of human cysticercosis (Gemmell & Johnstone, 1976; Carpio et al., 2002 : Pawloski et al., 2002 . Taenia solium which cause neurocysticercosis seems to be an important cause of epilepsy in the tropics (Gemmell & Johnstone, 1976; Carpio et al., 2002 : Pawloski et al., 2002 Winkler, 2012) . Neurocysticercosis is a commonest parasitic CNS disease which results from an infection of the larval form of T. solium in the central nervous system (Pal et al., 2000) . The cysts are mainly seen in the parenchyma of the brain, brain ventricles, meninges, spinal cord, eye and subarachnoid space (Pal et al., 2000) . Evidence suggests that the compression of brain tissues and an early inflammatory response characterized by diffuse encephalitis or localized inflammatory lesions are responsible for seizures or for long term epilepsy (Gemmell & Johnstone, 1976; Pawloski, 2002; Wagner & Newton, 2009; Nash & Garcia, 2011) . Epidemiological studies from sub-Saharan Africa have shown the association of neurocysticercosis with seizures or epilepsy (Gemmell & Johnstone, 1976; Andriantsimahavandy et al., 1997; Pal et al., 2000; Carpio, 2002; Nsengiyumwa et al., 2003; Wagner & Newton, 2009; Coyle et al., 2012; Millogo et al., 2012) . Evidence from neuroimaging studies in people with epilepsy and the recent meta-analysis and systematic review which included only studies conducted in sub-Saharan Africa demonstrated a significant association between neurocysticercosis and epilepsy, suggesting that neurocysticercosis could be the major contributing factor for the high prevalence of epilepsy observed (Carpio et al., 1998; Nsengiyumwa et al., 2003; Quet et al., 2010; Ndimubanzi et al., 2010) . The major limitation on establishing evidence on the association of neurocysticercosis and epilepsy in sub-Saharan Africa is the lack of longitudinal surveys to examine the incidence of epilepsy following infections with T. solium (Blocher et al., 2011) or the impact of T. solium treatment using praziquantel on the prevalence of epilepsy.
Echinoccocus species and echinococcosis: Echinococcosis or hydatidosis is a cyclozoonotic infection caused by cestode parasites belonging to the Genus Echinococcus (Gottstein & Reichen., 2003; Eckert & Deplazes et al., 2004) . Two main species are of medical importance, Echinoccocus granulosus which causes cystic echinococcosis, has a cosmopolitan distribution and is characterized by a remarkably wide range of intermediate hosts; and Echinococcus multilocularis, the causative agent of alveolar echinococcosis, which is restricted to the northern hemisphere (Gottstein & Reichen., 2003; Eckert & Deplazes et al., 2004) . The definitive hosts of E. granulosus or E. multilocularis are carnivorous animals and become infected after consuming the offals from infected intermediate hosts, mainly wild or domesticated ungulates (Gottstein & Reichen, 2003; Eckert & Deplazes et al., 2004; Ndimubanzi et al., 2010) . Digestion of the cysts releases the larval forms, the protoscolices, which evaginate and attach to the intestinal wall and develop into adult stages (Gottstein & Reichen, 2003; Eckert & Deplazes et al., 2004; Ndimubanzi et al., 2010) . Humans are accidental hosts and are infected via contaminated water or vegetables (Matossian et al., 1977; Huttner et al., 2009) . Within the human host, eggs are digested and the larval forms, so-called oncospheres, are released. They penetrate the intestinal muscular layers, gain access to the blood system, especially the portal veins, and are transported to various body organs (Matossian et al., 1977; Turgut, 1997; Gottstein & Reichen, 2003; Eckert & Deplazes et al., 2004; Huttner et al., 2009; Huttner et al., 2009; Ndimubanzi et al., 2010; Ernest et al., 2010) .Filtration of the oncospheres occurs in the liver and the lungs and about 60-70% and 10-15% of the hydatid cyst are formed in the liver and lungs, respectively (Turgut, 1997; Huttner et al., 2009; Ernest et al., 2010) . The involvement of other organs, such as brain, is uncommon but does occur, especially when the liver and lungs fail to filter all the oncosphere in the blood circulation Huttner et al., 2009; Ernest et al., 2010) .
The development of cerebral cysts due to E. granulosus occurs very rarely. It is estimated that only 2% of all echinococcosis cases develop cerebral echinococcosis (Lunardi et al., 1991; Mirceuski et al., 2005; Jenkins et al., 2010) . The brain sites involved are the cerebral parenchymal and subarachnoid spaces (Lunardi et al., 1991) . The size and the pressure exerted by the growing hydatid cyst may result into increased intracranial pressure, focal neurological symptoms, organ dysfunctions and atrophy of the surrounding parenchyma (Lunardi et al., 1991) . Evidence from hospital-based case reports from other parts of the world indicates that patients with cerebral hydatid cysts, depending on the size and location of the cysts, may develop generalized tonic clonic seizures secondary to cystic mass as well as raised intracranial pressure (Lunardi et al., 1991) . In general, epilepsy appears to be a very rare complication of echinococcosis, as few individuals end up with cerebral echinococcosis. However, the lack of advanced imaging techniques in most of the health facilities in sub-Saharan Africa where the disease is endemic could, in part, contribute to the absence of reported cases of cerebral echinococcosis and hence the lack of association between epilepsy and echinococcosis.
Nematodes

Onchocerca volvulus and onchorcerciasis
Onchocerca volvulus is a filarial worm and is a causative agent of onchorcerciasis or "river blindness" disease in Africa. About 99% of the 37 million people estimated to be infected with onchorcerciasis live in Africa (Hotez et al., 2008; Hotez Kamath, 2009 ). The microfilaria and the adult O. volvulus are mainly found in the subcutaneous tissues but, occasionally, the microfilariae are seen in the blood, urine and cerebral spinal fluids (Duke et al., 1975; . Human are infected with the third stage larvae (the infective stages) which are injected to human by the vector, Simulium species, when it takes blood meals. In humans, the larvae migrate to subcutaneous tissues, two moults occur and after several months it develop to adult stages. Several mechanisms are thought to contribute to the pathogenesis of onchocerciasis, including autoimmunity and secondary bacterial infections. However, repeated cycles of inflammatory response associated with dead microfilariae in the subcutaneous tissues are responsible for the dermis changes and eye lesions observed (Fuglsang & Anderson, 1974; Ottesen, 1995; Abiose, 1998; Aliet, 2003) .
The possibility of an association between O. volvulus infection and epilepsy has been explored in East Africa since 1950s (Hall & Pearlman, 1999) . However, the biological causal relationship between onchorcerciasis and epilepsy remains unclear. The pathological changes which occur in the eye following the death of the microfilariae are thought to damage the optic nerves which in turn may partly reflect the pathological process in the brain (Wagner & Newton, 2009 ). However, no study has proven this hypothesis in the epileptic patients co-infected with onchorcerciasis. Another possible explanation could be the entry of microfilariae or adult O. volvulus into the CNS and therefore the generation of autoantibodies. Studies have reported the presence of the microfilariae in the cerebral spinal fluids (Kirk et al., 1959; Marin et al., 2006) . However, no study has evaluated the relationship between the microfilariae in the cerebral spinal fluids and the occurrence of epilepsy. In addition, no neuro-imaging study has illustrated the occurrence of adult worms in the CNS or described the lesions associated with adult O. volvulus in the brain .
Despite the lack of evidence on the biological causal relationship between O. volvulus and epilepsy, epidemiological studies have repeatedly reported a variation in prevalence of epilepsy in individuals living in areas with different transmission intensity of onchorcerciasis. The results of epidemiological surveys in Burundi and Uganda described a significant positive association between prevalence of epilepsy and onchorcerciasis (Kaiser et al., 1996; Newell et al., 1997) . In Uganda, Ovuga et al. (1992) reported a high prevalence of epilepsy in an area with high transmission of onchorcerciasis. Another study comparing the prevalence of epilepsy in areas with different transmission intensity of onchorcerciasis, observed a high prevalence of epilepsy in hyperendemic areas of onchorcerciasis, as compared to hypoendemic areas (Kaiser et al., 1996; Kaiser et al., 1998) . Equally, case-control studies support the existence of a link between onchorcerciasis and epilepsy (Boussinesq, 2002) . A recent systematic review and meta-analysis article, including population-based surveys conducted in sub-Saharan Africa, supports the hypothesis that onchocercaciasis is associated with epilepsy and that epilepsy prevalence increases when onchorcerciasis transmission intensity increases (Pion & Boussinesq, 2009 ). Such conclusions have however not been reported by other case control and cross-sectional studies in endemic areas (Druet-Cababnanc, 1997; Pion et al., 2009; Konig et al., 2010) . It is worthy to note that this is the only study that has examined cerebral spinal fluid and it has not revealed any evidence of contact of the parasite with the cerebral spinal fluid in the past or at present. Despite the evidence from case control and epidemiological observation studies, the biological causal relationship between onchocerciasis and epilepsy in sub-Saharan Africa is still controversial and further parasitological and neuro-imaging studies are required to resolve the discrepancies between various studies.
Toxocara species and toxocariasis
Toxocariasis is endemic in all parts of the world and is caused by two zoonotic roundworms of dogs and cats, Toxocara canis and T. cati (Magnaval et al., 1997; Despommier., 2003) . A high prevalence of toxocara infections has been described in the tropical and sub-tropical areas where the humid climate and poor hygiene favour survival of the eggs in soil and the transmission to humans (Magnaval et al., 1994; Overgaauw., 1997; Nicoletti et al., 2007) . Humans are accidental hosts and human toxocariasis mainly results from infections with the larval stage of Toxocara canis and follows the ingestion of eggs through contaminated hands and formites (Kabore et al., 1996) . The eggs hatch in the gastrointestinal tract and the juvenile stages migrate, enter the portal circulation and then, via the small blood vessels, move to the viscera producing an inflammatory response along the migratory paths, leading to a condition termed as visceral larval migrans (Thompson et al., 1986) . A chronic inflammatory response may end up with the formation of a granuloma (Thompson et al., 1986) . The juvenile stages may be located in the central nervous system, although this is very uncommon, and produce an inflammatory response leading to a variety of neurological syndromes (Thompson et al., 1986) . It has been hypothesized that Toxocara infection is associated with epilepsy, with toxocariasis described as a cofactor for epilepsy (Schantz & Glickman., 1978; Magnaval et al., 1994) . Case control studies conducted in Africa have produced contradicting results (Arpino et al., 1990; Magnaval et al., 1994; . In Burundi, a case control study among people with epilepsy reported a significant association between positivity rates of T. canis antibodies and epilepsy (Magnaval et al., 1994) . The author therefore concluded that T. canis increases the risk of developing epilepsy in endemic areas (Magnaval et al., 1994) . A similar result was reported outside Africa in Bolivia and in Italy (Nicoletti et al., 2002) . In contrast, comparable study in Tanzania did not observe any relationship between antitoxocarial antibodies and epilepsy . The relationship between epilepsy and toxocariasis is still controversial and needs further studies to fill the current gaps of knowledge.
Trichinella spiralis and trichinellosis
Trichinella species are the causative agents of trichinellosis and infect varieties of mammals including human (Nicoletti et al., 2007; 2008; Gottstein et al., 2009 ). This nematode is distributed worldwide and infections to human are mainly attributed to consumption of raw and undercooked meat, especially from domestic pigs and wild boars (Nicoletti et al., 2007; 2008; Gottstein et al., 2009 ). In the gastrointestinal tract, the ingested meat is digested and the encysted larvae are released. They penetrate the intestinal mucosa, and migrate to the circulatory and the lymphatic system (Nicoletti et al., 2008; Gottstein et al., 2009) . Through the circulatory system, the larvae migrate through all parts of the body but they only survive in the striated muscles where they become encysted and eventually calcify (Murrel & Pozio., 2000) .
Neurotrichinosis occurs in an estimated 0.2% -52% of all symptomatic cases infected with Trichinella spiralis and generally in severely affected patients (Dalessio & Wolff, 1961; Adams et al., 1997) . Other reports indicate that the involvement of the CNS occurs in 10-24% of the cases with mortality rates reaching 50% (Hurd, 1953) . The involvement of the CNS is mainly characterized by epileptic seizures and psychiatric changes (Kramer & Aita, 1978) . However, further research is needed to support the little evidence available on the role of T. trichiura in causing seizure and epilepsy in tropical countries, especially in sub-Saharan Africa.
Trematodes
Schistosomiasis: Sub-Saharan Africa is home for 85% of people infected with intestinal and urogenital schistosomiasis worldwide (Ross et al., 2002; Gryseels et al., 2006) . Two species are the major causative agent of schistosomiasis in this setting, namely S. mansoni and S. haematobium (Ross et al., 2002; Gryseels et al., 2006) . Infections to humans occur following penetration of the larvae stage cercariae through the skin. After having shed their tails, the cercariae are transformed into schistosomula which migrate passively into the lymphatic system or blood vessels to the heart and then to the lungs (Pittela, 1997; Ross et al., 2002) . The schistosomes species have predilection sites in the body, S. mansoni residing in the inferior mesenteric veins and S. haematobium in the veins of the vesical plexus (Pittela, 1997). However, the schistosomula stages can also be carried through retrograde venous flow (Batson, 1940 ) into Baston's vertebral epidural venous plexus (Batson, 1940; Pittela, 1991) , which connects the portal venous system and venae cavae to the spinal cord and cerebral veins (Batson, 1940; Scrimgeour & Gajdusek, 1985; Pittela, 1991) .
The pathogenesis of the schistosomiasis of the CNS depends on the location of the eggs, the size of the eggs and the intensity of the host's immune response (Pittela, 1991) . The eggs of S. mansoni and S. haematobium are larger in size and are mainly trapped in the spinal cord and thus, infection of the CNS is mainly restricted to the spinal cord and brain (Carod-Artal, 2009; Wu et al., 2012) . The immune response against the secreted eggs antigens results into the formation of granulomas at the site of eggs deposition and the formed granuloma mass may result into increased intracranial pressure, erosion of the vascular walls, and focal and generalized seizures (Betting et al., 2005; Carod-Artal, 2009; Wu et al., 2012) . The occurrence of seizures is mainly associated with chronic schistosomiasis (Betting et al., 2005; Carod-Artal, 2009; Wu et al., 2012) . Histological and autopsy studies have proved the occurrence of neurological involvement in schistosomiasis (Nwokolo., 1974) . However, there is a lack of epidemiological evidence on the relationship between epilepsy and schistosomiasis in endemic areas. Epidemiological studies in endemic areas, for both intestinal and urinary schistosomiasis, would demonstrate the actual contribution of schistosomiasis to the burden of epilepsy.
Paragonimus and paragonimiasis
Paragonimiasis is caused by various species of a food-borne trematode of the genus Paragonimus, commonly referred to as lung flukes (Moyou-Somo et al., 2003; WHO, 2005; N'da et al., 2008) . There are about 40 species of the parasites but only ten are highly pathogenic to human (Moyou-Somo et al., 2003; WHO, 2005; N'da et al., 2008) . In Africa, the endemic foci are mainly located around the Guinean Gulf and in the central part of the continent (Moyou-Somo et al., 2003; WHO, 2005; N'da et al., 2008) .
Human infection occurs following the ingestion of undercooked infected freshwater crustaceans (including crayfishes and crabs) infected with metacercariae (Cha et al., 1994) . In the gastrointestinal tract, the metacercariae excyst and the released juvenile worms penetrate the intestinal muscles and migrate through the peritoneal and pleural cavity to the lungs (Cha et al., 1994) . The primary predilection site is the lung and extra-pulmonary location of the adult parasites may involve the brain, which can present with severe manifestations, including epileptic seizures (Cha et al., 1994; Yin & Shin, 2002) . In the brain, the predilection sites for the parasites are the occipital and temporal lobes (Yin & Shin, 2002; Beers & Berkow, 2002) . To our knowledge, cases of cerebral paragonimiasis are very rare or have not been reported in Africa. Evidence from other part of the world where the disease is endemic indicate that cerebral paragonimiasis occurs in about 20% -45% of the individuals with erratic paragonimiasis (Yin & Shin, 2002; Lee et al., 2006) . Hospital-based reports indicate that 3.5% of the patients with erratic food-borne encephalopathy are affected by cerebral paragonimiasis (Beers & Berkow, 2002) . The pathogenesis of the epilepsy secondary to paragonimiasis is mainly due to increased intracranial pressure or cerebral calcification and production of proteases which may cause brain damage and interfere with neuronal transmission (Beers & Berkow, 2002; Lee et al., 2006) . The lack of evidence in Sub-Saharan Africa calls for further research on the contribution of the Paragonimus species in causing epilepsy.
Protozoa
Plasmodium falciparum and falciparum malaria
In sub-Saharan Africa, Plasmodium falciparum is the only malaria parasite responsible for all the neurological complications, including cerebral malaria (Taratuto et al., 1997) . The WHO defines cerebral malaria as an unarousable coma in individuals with P. falciparum malaria when other causes of encephalopathy have been excluded (Beales et al., 2000; Mishara & Newton, 2009; Kariuki et al., 2011) . The pathogenesis of cerebral malaria due to P. falciparum mainly involves sequestration of the infected erythrocytes to the endothelial cells of the microvasculature of the brain (Murphy & Breman, 2001; Idro et al., 2005) . In addition, sequestration may occur as a consequence of cytoadherence of the infected erythrocytes to endothelial cells and may also be increased when adherent infected erythrocytes bind other infected erythrocytes (autoagglutination) or uninfected erythrocytes (rosseting) (Robets et al., 1992; Lou et al., 2001) . Binding of the parasites or infected erythrocytes to the endothelial cells of the microvasculature of the brain is mediated by a group of variant surface antigens expressed at the surface of the infected erythrocytes, which in P. falciparum is described as Plasmodium falciparum erythrocyte membrane protein-1 (PfEMP1) (Robets et al., 1992; Lou et al., 2001) . The consequence of sequestration is the reduction or obstruction of the microvascular flow to the brain. Furthermore, deformability of the infected erythrocytes affects the flow of these cells in the microvasculature and hence affects the blood flow (Robets et al., 1992; Lou et al., 2001) . The effects of microvasculature obstructions of the blood flow are the reduction in oxygen and other important substrate supply to the brain which results into anaerobic glycolysis, lactic acidosis and cellular dysfunction (Robets et al., 1992; Lou et al., 2001) . Thus, in African children, cerebral malaria is mainly characterized with coma, convulsions, acidosis, hypoglycaemia and severe anaemia (Taratuto et al., 1997) .
In endemic areas of sub-Saharan Africa, the frequency of seizure due to P. falciparum malaria is about 80% (White, 1999) , with half of the children hospitalized with falciparum malaria reported to have seizures like symptoms (Idro et al., 2010) . Epileptic seizures are the most frequent manifestation of central nervous system (CNS) involvement (Taratuto et al., 1997) . Seizures may occur during the acute phase of the disease, which may be either focal (with or without secondary generalization) or generalized (Taratuto et al., 1997; Idro et al., 2010) . Multiple and prolonged seizures are associated with increased mortality and neurological and cognitive deficits (Taratuto et al., 1997; Ngoumgou & Preux, 2008; Idro et al., 2010) . The status epilepticus due to falciparum malaria is mainly associated with severe intracranial hypertension with evidence of brain swelling on Computerized Tomography (CT) (Ngoumgou & Preux, 2008; Idro et al., 2010) .
There is a substantial gap of knowledge on the incidence of post-malaria epilepsy. The available evidence indicates that epilepsy occurs as a sequel in about 10% of the individuals who recovered from cerebral malaria (White, 1999) . Other studies have reported higher prevalence of epilepsy in children with prior history of cerebral malaria, as compared to those unexposed to cerebral malaria (Ngoumgou & Preux, 2008; Dulac, 2010) . In addition, the age-adjusted relative risk for developing epilepsy after exposure to cerebral malaria shows a strong association between epilepsy and cerebral malaria (Carter et al., 2001; Ngoumgou & Preux, 2008) . There is a biological causal relationship between cerebral malaria and epilepsy (Ngoumgou & Preux, 2008) , however, further systematic studies are needed to prove the hypothesized causal relationship.
Toxoplasma gondii and toxoplasmosis
Toxoplasma gondii is an obligate intracellular protozoan parasite which is zoonotic and distributed worldwide (Montoya & Liesenfeld, 2004; Carruthers & Suzuki., 2007) . An estimated one third of the world population is infected with toxoplasmosis (Carruthers & Suzuki., 2007) . Humans acquire infection through various ways: (i) by ingestion of the T. gondii bradyzoites in infected undercooked meat, (ii) by ingestion of the T. gondii infectious oocysts present in contaminated hands and water/soil contaminated by cats faeces, (iii) by congenital trans-placental transmission of tachyzoites from mothers during pregnancy and (iv) by organ transplantation (Da Gama et al., 2004) . The third mode of transmission often results into severe neurological and ophthalmologic disease (Da Gama et al., 2004) . Ingested bradyzoites multiply and traverse the placental or the intestinal epithelium and enter circulating cells such as the macrophages or dendritic cells. They may gain access to the brain and form dormant cysts (Sims et al., 1989; Baragan & Sibley, 2002; Lambert et al., 2006) . Proliferating T. gondii tachyzoites have been identified in glial cells and Purkinje cell in human patients who developed toxoplasmosis encephalitis (Powell et al., 1978; Palmer, 2007) .
It has been postulated that T. gondii infection is associated with cryptogenic epilepsy (epilepsy of unknown causes) in endemic areas (Tenter et al., 2000; Stommel et al., 2001; Yazar et al., 2003; Zibaei et al., 2011) . The proposed mechanism through which T. gondii causes epilepsy has been described in details elsewhere (Stommel et al., 2001) . To our knowledge, the number of studies investigating the potential contribution of T. gondii to epilepsy is very limited in sub-Saharan Africa. However, evidence from case control and ecological studies from other parts of the world reports a possibility that cryptogenic epilepsy may be a consequence of latent toxoplasmosis infections (Tenter et al., 2000; Stommel et al., 2001; Yazar et al., 2003; Zibaei et al., 2011) . In support of this hypothesis, observational studies have reported a decline in incidence of cryptogenic epilepsy and toxoplasmosis with time (Potasman et al., 1995; Yazar et al., 2003; Schuster & Visvesvara, 2004) . Mostly as a consequence of improved nutrition and personal hygiene and public health education to risk groups (Stommel et al., 2001) . Despite the fact that the association between T. gondii and epilepsy looks plausible, there are many confounding factors (i.e. age, socioeconomic status and education level) which need to be addressed by larger case control or longitudinal studies. As a matter of fact, epilepsy in individuals infected with toxoplasmosis could be caused by other agents rather than T. gondii.
Intestinal amoebas and free living amoebas
Human pathogenic free living amoebas (Naegleria fowleri, Acanthamoeba species and Balamuthia mandrillaris) and parasitic amoebas (Entamoeba histolytica/Entamoeba dispar) cause various forms of clinical manifestations, the most fatal form being encephalitis (Maldonado et al., 2012) . The spread of Entamoeba histolytica to human populations occurs through the faecal-oral route, via water and food contaminated with cysts. The ingested cysts germinate in the intestines, multiply by nuclear division and colonize the colon and caecum (Maldonado et al., 2012) . Extra-intestinal amoebiasis, which occurs following the perforation of the intestinal walls, is the source of infection to other body tissues, such as the liver and brain (Becker et al., 1980; Martinez & Visvesvara, 1997) . Cerebral amoebiasis is a rare form of invasive disease with a high case fatality rate, presenting with brain abscess, meningitis symptoms, focal signs and seizures (Becker et al., 1980; Martinez & Visvesvara, 1997) . Neurological signs and symptoms are mainly related to increased intracranial pressure. However, epidemiological data describing the incidence of epileptic seizure associated with Entamoeba histolytica are insufficient, in particular from areas where E. histolytica is highly endemic.
Naegleria fowleri is the agent of a prominent parasitic infection of the brain and the spinal cord (Schoeman et al., 1993) . It is the cause of primary amoebic meningoencephalitis (PAM), which is acquired during swimming or other water-related activities. In addition, inhalation of the trophozoites/cysts from dust or air is another way of acquiring the infection (Schoeman et al., 1993) . The parasite gains access to the olfactory neuroepithelium and travels to the mesaxonal spaces of the unmyelinated fila olfactoria of the olfactory, crosses the cribriform plate and reaches the subarachnoid space where it continues to multiply and proliferate (Schoeman et al., 1993) . The parasites attack the olfactory and frontal lobes, the base of the brain, the brain stem. In later stages, they cause necrosis of the CNS through ingestion of the brain tissues (Schoeman et al., 1993) . Seizures and other neurological signs are commonly associated with PAM (Schoeman et al., 1993 : Cetin & Blackal., 2012 . The majority of the PAM has been reported from the USA and only few cases have been reported from sub-Saharan Africa (Lawande et al., 1980; Ygonabo et al., 1989; Schoeman et al., 1993) Acanthamoeba species are the causative agents of granulomatous amoebic encephalitis (GAE), with no involvement of the meningeal layer (Lorenzo-Morales et al., 2006 Siddiqui, R. & Khan, 2012 . The parasite may also invade other body organs/tissues such as lungs, skin or eye lenses and causes pneumonitis, dermatitis and keratitis (Schoeman et al., 1993; Lorenzo-Morales et al., 2006; Siddiqui, R. & Khan, 2012) . The initial infection may occur through cut wounds in the skin that become contaminated with soil or though inhalation of the trophozoites/cysts into the respiratory tract (Martinez & Visvesvara., 1997; Siddiqui & Khan, 2012) . From the point of entry, the trophozoites or cysts are disseminated throughout the body via the blood circulation and reach the central nervous system, where they cause GAE (Schoeman et al., 1993; Martinez & Visvesvara, 1997; Siddiqui & Khan, 2012) . The areas of the brain mostly affected are the cerebrum, cerebellum and brain stem (Schoeman et al., 1993) . Granulomatous amoebic encephalitis appears to be mostly related to the response of the host immunity to the trophozoites/cysts (Siddiqui & Khan, 2012) . In sub-Saharan Africa, isolation of Acanthamoeba species from the environment and animals has been reported (Ndiaye et al., 2005; Lorenzo-Morales et al., 2006) . Human cases of Acanthomeba species involving the brain have also been described (Ndiaye et al., 2005) .
Conclusion
Though several epidemiological and case control studies indicate a relationship between parasitic agents and epilepsy in sub-Saharan Africa, there remains a considerable gap of knowledge on the exact nature and magnitude of the association. Evidence on the incidence of epilepsy following initiation of parasitic infections from longitudinal studies is lacking. There is insufficient evidence on reduction of epilepsy following specific treatment or control of parasitic infections. Thus, there is an urgent need for systematic epidemiological studies to understand the burden of epilepsy in areas endemic due to preventable parasitic infections, to prove a causal relationship, and to understand the impact of controlling these parasitic diseases on reduction of the burden of epilepsy. There are a number of confounding factors to be addressed and eventually ruled out by longitudinal or case control studies. This will allow a better definition of attributable risks for epilepsy due to parasitic infections and a better estimation of the incidence, morbidity and mortality of epilepsy due to infectious causes.
Co-infection of parasitic infections and epilepsy in sub-Saharan Africa are common, particularly in areas characterized by poor hygiene standards. There is an epidemiological link on the association between epilepsy and various parasitic infections. However, the biological causal relationship requires further investigation in adequately designed studies. 
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